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Recombinant Scinderin Enhances Exocytosis,
an Effect Blocked by Two Scinderin-Derived
Actin-Binding Peptides and PIP2
L.Zhang, M. G. Marcu, K. Nau-Staudt, and J.-M. Trifaro´ the release-ready vesicle pool and, consequently, the
initial rate of exocytosis (Vitale et al., 1995). It has alsoSecretory Process Research Program
been suggested that cortical actin network dynamicsDepartment of Pharmacology
is controlled by scinderin, a Ca21-dependent F-actin-Faculty of Medicine
severing protein (Rodrı´guez Del Castillo et al., 1990,University of Ottawa
1992; Vitale et al., 1991). The scinderin gene has recentlyOttawa, Ontario K1H 8M5
been cloned (Marcu et al., 1994), and nucleotide andCanada
amino acid sequence analysis indicates that scinderin
has six domains containing two active actin- and two
phosphatidylinositol 4,5-bisphosphate (PIP2)-bindingSummary
sites (Marcu et al., 1994).
The present work was undertaken to determine furtherThe cortical F-actin cytoskeleton represents a nega-
the role of scinderin in the exocytotic machinery. Re-tive control for secretion, and it must be locally dis-
combinant full-length and truncated scinderins andassembled to allow chromaffin vesicle exocytosis.
three scinderin-derived peptides have been preparedRecombinant scinderin (a Ca21-dependent F-actin-
and tested for their effects on Ca21-induced exocytosissevering protein) potentiated Ca21-evoked F-actin dis-
in permeabilized chromaffin cells. Permeabilized chro-assembly and exocytosis in permeabilized chromaffin
maffin cells have been proven to be a suitable prepara-cells, an effect blocked by peptides Sc-ABP1 and Sc-
tion to study the intracellular components of the exocy-ABP2 (with sequences corresponding to two actin-
totic machinery. The present results strongly indicate abinding sites of scinderin), exogenous g-actin, or
role for scinderin in the control of cortical cytoskeletonphosphatidylinositol 4,5-bisphosphate (PIP2). PIP2 ef-
dynamics during exocytosis and suggest this protein isfect was blocked by peptide Sc-PIP2BP (with sequence
a key player in the exocytotic machinery.corresponding to a PIP2-binding site of scinderin).
Truncated scinderin254–715 (lacking actin-severing do- Resultsmains) did not potentiate exocytosis. Sc-ABP1, Sc-
ABP2, and g-actin also inhibited exocytosis in the Recombinant Scinderinsabsence of recombinant scinderin, suggesting an inhi-
A powerful approach to study protein function is to ob-bition of endogenous scinderin. Results suggest that
tain enough quantities of recombinant protein followedscinderin-evoked cortical F-actin disassembly is re-
by its testing on different biological preparations. Full-quired for secretion and that scinderin is an important
length and truncated chromaffin cell scinderin fusioncomponent of the exocytotic machinery.
proteins were obtained using expression vector pTrxFus
as described in Experimental Procedures. Immunoblots
Introduction from SDS–polyacrylamide gel electrophoresis (SDS–
PAGE) of Escherichia coli GI698 lysates obtained from
Immunofluorescence cytochemical studies have de- one of the tryptophan-induced preparations showed a
scribed the presence of a mesh of filamentous actin new protein band of approximately 96 kDa that showed
(F-actin) underneath the chromaffin cell plasma mem- cross-reactivity with an antibody against native scind-
brane (Lee and Trifaro´, 1981; Trifaro´ et al., 1984; Cheek erin (Figure 1B, lane 29). Tryptophan induction of nonre-
and Burgoyne, 1986; Sontag et al., 1988). It has also combinant vectors failed to show the 96 kDa band. Ali-
been demonstrated that cortical actin networks act as quots of preparations shown in lanes 1 and 2 (Figure
barriers to the secretory vesicles by blocking their move- 1A) were applied in the presence of Ca21 to actin–DNase
ment toward the plasma membrane (Trifaro´ et al., 1982, I–Sepharose 4B columns. SDS–PAGE and immunoblots
1984, 1989; Cheek and Burgoyne, 1986, 1987; Burgoyne with scinderin antibody of Ca21-free (EGTA) eluates from
and Cheek, 1987; Sontag et al., 1988; Burgoyne et al., the columns showed that only the same 96 kDa protein
1989). Recent published work has demonstrated that in was retained by the affinity column and subsequently
resting chromaffin cells, 1%–3% of the total chromaffin eluted with the Ca21-free buffer (Figure 1A, lane 4). The
vesicles are either docked to the plasma membrane or cross-reactivity with scinderin antibody indicates that
within 50 nm from it (Vitale et al., 1995). This population the protein retained by the actin-affinity column was
of vesicles constitutes the release-ready vesicle pool indeed scinderin (Figure 1B, lane 49). The results demon-
(Neher and Zucker, 1993; Vitale et al., 1995). The rest of strate that a full-length recombinant scinderin protein
the chromaffin vesicles (97%–99%) form a reserve pool was obtained and that this protein interacts with actin
and remain behind a barrier of cortical F-actin (Vitale et in a similar manner to native scinderin. After induction
al., 1995). Chromaffin cell stimulation is accompanied with tryptophan, the truncated scinderin (Tr-Sc) fusion
by a focal and transient disassembly of the cortical protein produced started at Val-254 and had a molecular
F-actin network (Cheek and Burgoyne, 1986; Vitale et mass of 64 kDa (Figure 1C). Tr-Sc contains the entire
al., 1991, 1995). This allows the movement of additional last three domains of scinderin (S4, S5, and S6) and two
secretory vesicles from the reserve pool to release sites thirds of the carboxyl terminus of domain S3. Tr-Sc also
on the plasma membrane (Vitale et al., 1995). Therefore, showed cross-reactivity with the native scinderin anti-
body (Figure 1C, lane 19).the cortical actin network dynamics control the size of
Neuron
288
Figure 1. Expression in E. coli GI698 of Re-
combinant Scinderin and Its Binding to Actin
(A) We used 50 mg of protein per well for the
SDS–PAGE. Lanes 1 and 2 contain proteins
from E. coli GI698 transfected with recombi-
nant vector pTrxFus incubated in the absence
(lane 1) or presence (lane 2) of tryptophan.
(B) The presence of a 96 kDa TRX–scinderin
fusion protein in lane 2 is suggested by the
cross-reactivity of this protein with an anti-
body against native scinderin as shown in the
Western blot (lane 29). Aliquots of lysates of
preparations shown in lanes 1 and 2 of (A)
were applied in presence of Ca21 to actin–
DNase I–Sepharose 4B affinity columns. These were eluted with Ca21-free buffer (EGTA), and collected fractions were subjected to SDS–PAGE.
Lanes 3 and 4 in (A) correspond to aliquots from protein preparations shown in lanes 1 and 2, respectively. Only the 96 kDa TRX–scinderin
fusion protein depicted in lane 4 was retained by the affinity column. This protein cross-reacted with a scinderin antibody as shown in the
Western blot (B, lane 49).
(C) Lane 1 shows an SDS–PAGE pattern of 50 mg of proteins from E. coli GI698 transfected with vector pTrxFus carrying an insert of truncated
scinderin DNA. After incubation with tryptophan, the presence of a 64 kDa TRX-truncated scinderin fusion protein in lane 1 is suggested by
the cross-reactivity of this protein with the scinderin antibody as shown in the Western blot (lane 19).
Effect of Recombinant Scinderin Effect of Scinderin Actin-Binding Peptides
and of g-Actin on Ca21-Evoked Exocytosison Ca21-Induced Exocytosis
Permeabilized cells are useful preparations to study se- The potentiation of Ca21-evoked [3H]NA by recombinant
scinderin seems to be due to an increased F-actin-sev-cretory events distal to receptor and channel activation.
Therefore, digitonin-permeabilized chromaffin cells pre- ering activity of scinderin, since the ability of scinderin
to increase release was inhibited in the presence ofviously loaded with [3H]noradrenaline ([3H]NA) were incu-
bated with increasing concentrations (0.02 to 0.2 mM) exogenous g-actin and two peptides (Sc-ABP1 and Sc-
ABP2) with sequences corresponding to two active ac-of recombinant scinderin. [3H]NA release was induced
by 2 min exposure to 10 mM Ca21. Under these condi- tin-binding sites of scinderin (Figure 4A). Figure 4B
shows the inhibition of scinderin-potentiating effects ontions, Ca21 evoked [3H]NA release augmented with the
increase in the concentration of scinderin in the medium release by 10mM Sc-ABP1 (AAAIFTVQMDDYL; p < 0.001;
n 5 18), 10 mM Sc-ABP2 (RLLHVKGPR; p < 0.001; n 5(p < 0.01; n 5 15; Figure 2A). At the concentration of
0.1 mM recombinant scinderin, the Ca21-induced [3H]NA 17), or 10 mM chicken gizzard g-actin (p < 0.001; n 5
18). Moreover, when 5 mM Sc-ABP1 and 5 mM Sc-ABP2output leveled off and no further increase in release
was observed with increasing recombinant scinderin were present together in the incubation medium (10 mM
peptide final concentration), not only the potentiatingconcentrations (Figure 2A). The rate of basal [3H]NA re-
lease from digitonin-permeabilized cells was 0.80% 6 effect of scinderin on release was blocked (p < 0.001;
n 5 19), but this inhibition of release was larger than0.07%/min (n 5 11). As expected, and because basal
release was measured in the absence of Ca21 in the that produced by either peptide alone (p < 0.05; n 5
12). In addition, the release response was 50% smallermedium, the [3H]NA output under these conditions was
not modified in the presence of scinderin (0.78% 6 than when induced by Ca21 in the absence of scinderin
(Figure 4B). This observation suggests that blocking0.05%/min; n 5 11).
The response to 0.1 mM recombinant scinderin was both scinderin-binding sites of actin simultaneously pro-
duced a more effective inhibition of scinderin activity.then tested in the presence of increasing Ca21 concen-
trations. Under these conditions, 0.1 mM recombinant The presence of 10 mM bovine serine albumin or 10
mM scrambled (SCR) peptide (YAALMFDIDATQV) in thescinderin increased the response to Ca21, especially at
Ca21 concentrations of 1 mM (p < 0.01; n 5 11) and above incubation media did not modify Ca21-induced [3H]NA
release either in the presence or absence of recombi-(Figure 2B). Examination of the concentration–response
curves obtained under these conditions suggests that nant scinderin (Figures 3 and 4B). SCR amino acid se-
quence is a mismatch of sequence corresponding toscinderin treatment does not significantly increase the
sensitivity of the exocytotic machinery to Ca21 (p > 0.1; Sc-ABP1. Another scrambled peptide (LVRGKRRLH)
constructed, this time, on the basis of the sequence ofn 5 13; at 0.25 mM Ca21), but it increases the maximum
response to the cation. peptide Sc-ABP2 also produced similar results (data not
shown) to those obtained with SCR. As depicted in Fig-Furthermore, to rule out the participation of thiore-
doxin (TRX) in the observed effects of the scinderin ure 4A, two of the actin-binding sites of scinderin are
in domains S1 and S2 of the molecule. These are thefusion protein, E. coli GI698 were transfected with pTrx
encoding TRX. TRX was isolated from transformed E. F-actin-severing domains of the protein and should be
the domains responsible for the scinderin potentiationcoli and tested on Ca21-induced [3H]NA release and on
the potentiating effects of recombinant scinderin. TRX of Ca21-induced release of catecholamines. This idea
gains support by results obtained with recombinantat the concentration of 0.5 mM had no effect on either
Ca21-evoked [3H]NA or on the potentiating effect of re- truncated scinderin (Tr-Sc, Figure 4A). Tr-Sc (amino acid
254–715), when used at the same concentrations (0.1combinant scinderin (Figure 3).
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Figure 3. Effects of TRX Alone or in Combination with Recombinant
Scinderin on Ca21-Induced Release of [3H]NA from Digitonin-Perme-
abilized Chromaffin Cells
In the incubation medium, 10 mM bovine serum albumin, 0.5 mM
TRX, or 0.1 mM recombinant scinderin (Sc) with or without 0.5 mM
TRX was present. Stimulation time and Ca21 concentrations were
as indicated in legend to Figure 2A. The bars (mean 6 SEM, n 5 8)
represent [3H]NA outputs after subtraction of spontaneous release.
Moreover, in the absence of recombinant scinderin,
exogenous g-actin (p < 0.01; n 5 16 and p < 0.001; n 5
16 for 25 and 50 mM actin, respectively), Sc-ABP1 (p <
0.001; n 5 15), and Sc-ABP2 (p < 0.02; n 5 15), but not
SCR, also produced a concentration-dependent inhibi-
tion of Ca21-evoked release of [3H]NA (Figure 5), thus
suggesting inhibition of endogenous scinderin activity.
It should be understood that Sc-ABP1 and Sc-ABP2 bind
to actin (the substrate) and not to scinderin and, to be
effective inhibitors, the peptides should be present at
relatively large concentrations (micromolar range) owing
to the fact that actin is an abundant protein (5%–10%
of total protein) in chromaffin cells.Figure 2. Effect of Recombinant Scinderin on Ca21-Induced Release
of [3H]NA from Digitonin-Permeabilized Chromaffin Cells
(A) Multiwell culture dishes containing each 5 3 105 cells per well Effect of PIP2 on the Potentiation of Ca21-Evoked
were incubated in 250 ml of K1-glutamate buffer (pH 6.6) for 2 min Exocytosis by Recombinant Scinderin
with 10 mM Ca21 alone or in the presence of increasing concentra- It has been demonstrated that PIP2 binds to and modu-
tions of recombinant scinderin. lates the severing activity of scinderin (Rodrı´guez Del
(B) Conditions were similar to those described in (A), except that
Castillo et al., 1992; Marcu et al., 1994). Therefore, thecells were incubated with increasing concentrations of Ca21 either
effect of PIP2 on the potentiation of [3H]NA release in-in absence or presence of 0.1 mM recombinant scinderin. The dots
duced by recombinant scinderin was tested. The ability(mean 6 SEM, n 5 8) represent [3H]NA outputs after subtraction of
spontaneous release. of scinderin to increase Ca21-induced [3H]NA release
was inhibited by 10 mM PIP2 (p < 0.001, n 5 25). The
inhibitor effect of PIP2 was greater when, before Ca21
mM) of recombinant full-length scinderin, did not po- stimulation, permeabilized chromaffin cells were prein-
tentiate nor inhibit Ca21-induced catecholamine release cubated for 5 min with PIP2 in a Ca21-free medium con-
taining recombinant scinderin (Figure 6). The inhibitory(Figure 4B).
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Figure 5. Effect of Scinderin-Derived Actin-Binding Peptides and of
Exogenous Actin on Ca21-Evoked [3H]NA Release
Sc-ABP1, Sc-ABP2, SCR, and chicken gizzard g-actin, each at con-
centrations indicated in the graph, were present during both the 5
min digitonin permeabilization and the 2 min stimulation with 10 mM
Ca21. [3H]NA output was measured as described in Experimental
Procedures. Each symbol represents the mean 6 SEM of at least
eight chromaffin cell preparations.
effect was due to the blockade of PIP2 binding to scind-
erin as suggested by the results obtained with PIP2 lipo-
somes (Figure 6B). In these experiments, recombinant
scinderin was incubated with PIP2 liposomes in the pres-
ence or in the absence of Sc-PIP2BP. Liposomes were
then collected by centrifugation and SDS–PAGE, and
Figure 4. Effect of Scinderin-Derived Actin-Binding Peptides and of Western blots with scinderin antibody were performed
Exogenous Actin on the Potentiation of Ca21-Induced [3H]NA Re- on supernatants and sediments (Figure 6B). Scinderin
lease from Permeabilized Chromaffin Cells by Recombinant
was recovered with the PIP2 liposomes in the sedimentScinderin
except when Sc-PIP2BP was present in the incubationPeptides Sc-ABP1, Sc-ABP2, and Sc-PIP2BP were prepared as indi-
medium. The results show that PIP2 binds quite well tocated in Experimental Procedures. The sequence of these peptides
scinderin under the same conditions (i.e., pH 6.6) inand their positions within the domains (S1 to S6) of the scinderin
molecule are shown in (A). In addition, an SCR peptide (YAALMFDI- which the release experiments were performed and that
DATQV) to be used as control was prepared. No homology for the Sc-PIP2BP interferes with the binding.
SCR sequence was found in the sequences stored in the EMBL
data library. Sc-ABP1, Sc-ABP2, and SCR, each at the concentration Effect of Recombinant Scinderin on Cortical F-Actinof 10 mM, were present during both the 5 min digitonin permeabiliza-
Disassembly: A Fluorescence Microscopytion and the 2 min stimulation with 10 mM Ca21. When indicated,
Study and Video Image Analysis0.1 mM of either recombinant scinderin or recombinant truncated
scinderin (Tr-Sc) was also present during permeabilization and stim- It has been previously shown that in intact resting chro-
ulation (B). Tr-Sc corresponds to scinderin254–715 (A). Under the same maffin cells, staining of F-actin with rhodamine–phal-
experimental conditions, the effect of 10 mM chicken gizzard g-actin loidin revealed a weak and diffuse cytoplasmic staining
was also tested (B). The effects of the above mentioned treatments
and continuous cortical ring (Cheek and Burgoyne,on [3H]NA outputs are shown in (B). Each bar represents the mean
1986; Vitale et al., 1991). Permeabilization of chromaffin6 SEM of at least eight chromaffin cell preparations.
cells by digitonin followed by rhodamine–phalloidin also
revealed a similar pattern of staining (Figure 7Aa). A
quantitative tridimensional image analysis of the corticaleffect of PIP2 was completely blocked when a scinderin-
derived PIP2-binding peptide (Sc-PIP2BP) was present distribution of rhodamine fluorescence (F-actin) of the
cell shown in Figures 7Aa and 7Aa9 is depicted in Figurein the incubation medium (Figure 6A). Sc-PIP2BP has a
sequence corresponding to the PIP2-binding site pres- 7Aa99. It has also been demonstrated that stimulation
of intact chromaffin cells with either 1025 M nicotine orent in domain S1 of scinderin (see Figure 4A). Sc-PIP2BP
Recombinant Scinderin Increases Exocytosis
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depolarization with 56 mM K1 induced the disruption of
the cortical fluorescent ring (Cheek and Burgoyne, 1986;
Trifaro´ et al., 1989; Vitale et al., 1991). Because phalloidin
is a probe for F-actin, the disappearance of rhodamine
fluorescence indicates disassembly of actin filaments
at specific subplasmalemmal areas (Vitale et al., 1991).
Incubation of digitonin-permeabilized chromaffin cells
with 10 mM Ca21 also induces disruption of the cortical
fluorescent ring (Figures 7Ab and 7Ab9). The image anal-
ysis of the discontinuous fluorescent profiles shows
characteristic peaks and valleys (Figure 7Ab99). The
peaks had similar intensities as the continuous cortical
fluorescent profiles observed in control cells, sug-
gesting the absence of F-actin disassembly in the peak
areas. The valleys corresponded to decreases in the
normal fluorescence intensity of the cortical rhodamine
staining, indicating areas of lower F-actin concentration
as a result of filament disassembly. A quantitation of
cortical F-actin disassembly under different conditions
is shown in Figure 7B. In the presence of 10 mM Ca21
in the medium, there was a significant increase (p <
0.001; n 5 13) in the number of chromaffin cells dis-
playing a disrupted cortical fluorescent ring (F-actin dis-
assembly). The number of cells showing F-actin disas-
sembly was even greater when 0.1 mM recombinant
scinderin was present in the medium (p < 0.001; n 5
12; Figure 7B). The potentiating effect of recombinant
scinderin was unchanged by 10 mM SCR, but was inhib-
ited by 10 mM Sc-ABP1 (p < 0.05; n 5 13; Figure 7B).
Sc-ABP1 not only blocked the effect of recombinant
scinderin, but it also partially inhibited the response to
10 mM Ca21 in the absence of recombinant scinderin
(Figure 7B), thus suggesting inhibition of endogenous
scinderin activity. Moreover, similarly to its effects on
Ca21-evoked exocytosis, PIP2 inhibited the increase in
F-actin disassembly induced by recombinant scinderin.
This inhibitory response was blocked by Sc-PIP2BP, the
peptide with a sequence corresponding to the PIP2-
binding site of scinderin (Figure 7B).
Discussion
Figure 6. Effect of PIP2 on the Potentiation of Ca21-Evoked [3H]NA
Release by Recombinant Scinderin It has been previously demonstrated that the F-actin
(A) PIP2 at the concentration of 10 mM was present during the 5 min network, which is localized in the cortical surface of the
digitonin permeabilization, 5 min preincubation, and 2 min stimula- chromaffin cells (Lee and Trifaro´, 1981; Trifaro´ et al.,
tion with 10 mM Ca21. In some experiments, both PIP2 and scinderin- 1984, 1989; Cheekand Burgoyne, 1986), acts as a barrierderived PIP2-binding peptide (Sc-PIP2BP), each at the concentration
to the secretory vesicles, impeding their contact withof 10 mM, were present during permeabilization, preincubation, and
the plasma membranes (Trifaro´ et al., 1982; Cheek andstimulation periods. The sequence of Sc-PIP2BP and its position in
the scinderin molecule is depicted in Figure 4A. When indicated, Burgoyne, 1986; Sontag et al., 1988). Stimulation of
0.1 mM recombinant scinderin was present during permeabilization, chromaffin cells produces disassembly of actin net-
preincubation, and stimulation periods. The bars (mean 6 SEM, n 5 works and removal of the barrier (Trifaro´ et al., 1982,
8) represent [3H] outputs after subtraction of spontaneous release. 1984, 1989; Cheek and Burgoyne, 1986, 1987). This inter-
(B) PIP2 liposomes were prepared as described in Experimental pretation is based on the following evidence: cytochemi-Procedures. Recombinant scinderin (0.1 mM) was incubated alone
cal experiments with rhodamine-labeled phalloidin and(column 1) or with 200 ml of PIP2 liposomes (columns 2 and 3) in the
actin antibodies demonstrated that in resting cells, anabsence (column 2) or presence (column 3) of 10 mM Sc-PIP2BP.
Liposomes were collected by centrifugation, and supernatants (S) F-actin network is visualized as a strong cortical fluores-
and pellets (P) were subjected to SDS–PAGE followed by Western cent ring (Lee and Trifaro´, 1981; Cheek and Burgoyne,
blotting with a scinderin antibody. When recombinant scinderin was 1986, 1987; Sontag et al., 1988; Trifaro´ et al., 1989).
incubated in the absence of liposomes, the protein was recovered in Chromaffin cell stimulation produces a fragmentation of
thesupernatant (column 1, S), whereas inthe presence of liposomes,
the fluorescent ring, leaving cortical areas devoid ofscinderin was recovered mainly with the pellets (column 2, P). It is
fluorescence (Cheek and Burgoyne, 1986, 1987; Trifaro´clear from the experiments that Sc-PIP2BP blocked the binding of
et al., 1989). These changes are accompanied by a de-scinderin to PIP2 liposomes, since the protein was recovered with
the supernatants (column 3, S). Similar results were obtained in two crease in F-actin associated with the concomitant in-
other experiments. crease in G-actin as evaluated by the DNase I inhibition
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Figure 7. Effect of Ca21, PIP2, Recombinant
Scinderin, Sc-ABP1, and Sc-PIP2BP on Corti-
cal F-Actin
(A) Fluorescence microscopy and video-
enhanced image analysis of F-actin fluores-
cent profiles in single digitonin-permeabilized
chromaffin cells. (B) shows the effect of differ-
ent treatments on the percentage of cells dis-
playing cortical F-actin disassembly. Two-
day-old chromaffin cells were permeabilized
with digitonin as described in Experimental
Procedures and were incubated in K1-gluta-
mate buffer and 10 mM Ca21 for 2 min in the
presence or absence of 0.1 mM of recombi-
nant scinderin. When indicated, 10 mM of ei-
ther Sc-ABP1, SCR, Sc-PIP2BP, or PIP2 was
present in the incubation medium. Prepara-
tions were immediately processed for fluo-
rescence microscopy. Cells were fixed, per-
meabilized, and stained for F-actin as
described in Experimental Procedures.
(Aa) shows a resting digitonin-permeabilized
chromaffin cell after rhodamine–phalloidin
staining. A weak cytoplasmic staining and a
continuous and bright cortical fluorescent
ring (open arrowhead) is observed. Stimula-
tion of the cells by either Ca21 or Ca21 plus
recombinant scinderin caused the disruption
of the cortical fluorescent ring (Ab). Some flu-
orescent patches are shown by arrowheads
(Ab and Ab9). Images and three-dimensional
analysis of the same cells shown in (Aa)–(Ab9)
are depicted in (Aa99) and (Ab99). In control
cells, there is a uniform (Aa99) cortical fluores-
cence intensity pattern. In stimulated cells,
the cortical fluorescence intensity pattern
shows irregularities such as valley and peaks
(Ab99). The peaks correspond to the fluores-
cent patches observed in the cell shown in
(Ab) and (Ab9). The intensity of the fluorescent
peaks is indicated by a color scale and arbi-
trary units (Aa99 and Ab99). The value of the
peaks in (Ab99) is similar to the intensity of
the cortical fluorescence pattern observed in
control cells (Aa99). Scale bar, 10 mm.
(B) Under the fluorescence microscope, the rhodamine cortical staining was analyzed and classified as being continuous as in (Aa) and (Aa9)
or discontinuous as in (Ab) and (Ab9), and the percentage of cells displaying cortical F-actin disassembly (disrupted cortical rhodamine staining)
in control and treated preparations was calculated as indicated in Experimental Procedures. For each of the experimental conditions, 600
cells from three different cell cultures were examined. Values shown are mean 6 SEM.
assay (Cheek and Burgoyne, 1986; Trifaro´ et al., 1989). F-actin disassembly and shows fluorescence patterns
similar to those obtained with intact cells upon stimula-F-actin network disassembly has also been observed
in depolarized synaptosomes (Bernstein and Bamburg, tion by either nicotine or a depolarizing concentration
of K1. These results indicate that the cortical F-actin1985). More recently, it has been shown that the cortical
actin network is not only a barrier to secretion, but that network dynamics are preserved by the digitonin
treatment.it also controls the access of chromaffin vesicles to the
subplasmalemmalarea (release-ready vesicle pool) and, The dynamic changes in the F-actin network observed
during exocytosis are the results of activation of F-actin-consequently, the initial rate of exocytosis (Vitale et al.,
1995). severing proteins. The existence in chromaffin cells of
Ca21-dependent actin-binding proteins, such as gelsolinPermeabilization of chromaffin cells with digitonin has
proved to be a suitable method to study intracellular and scinderin (Trifaro´ et al., 1985; Bader et al., 1986;
Rodrı´guez Del Castillo et al., 1990; Vitale et al., 1991),factors involved in exocytosis (Dunn and Holz, 1983;
Wilson and Kirshner, 1983). Digitonin permeabilization suggests a role for these proteins in the reorganization
of cortical actin filaments brought about by cell stimula-did not affect the integrity of cortical F-actin networks,
since fluorescence microscopy and image analysis tion. Gelsolin is a widely distributed Ca21-dependent
actin filament capping and severing protein (Yin andshowed a similar pattern of F-actin fluorescence for
intact and digitonin-treated cells (Figures 7Aa9 and Stossel, 1979; Yin et al., 1981; Stossel et al., 1985). On
the other hand, scinderin, also a Ca21-dependent actin7Aa99). Moreover, stimulation of permeabilized cells by
raising the concentration of Ca21 in the medium triggers filament protein that we describe in chromaffin cells, is
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expressed only in tissues with high secretory activity release in the absence of recombinant scinderin, thus
suggesting the involvement of endogenous scinderin-(Rodrı´guez Del Castillo et al., 1990; Tchakarov et al.,
1990). Nicotine receptor stimulation or K1-evoked depo- induced F-actin disassembly in exocytosis. The inhibi-
tory effects of Sc-ABP1 and/or Sc-ABP2 were observedlarization of chromaffin cells induces simultaneously
cortical F-actin disassembly and redistribution of sub- at micromolar concentrations. These concentrations
were necessary since the peptides bind to actin (theplasmalemmal scinderin (Vitale et al., 1991). Fodrin, an-
other actin-binding protein present in the cortical region scinderin substrate), an abundant cellular protein.
Therefore, to see the inhibitory effects of the peptides,of the chromaffin cell, is also redistributed during cell
stimulation (Perrin and Aunis, 1985). The effects of stim- it became necessary to occupy a large number of scin-
derin-binding sites of actin.ulation on F-actin disassembly and scinderin redistribu-
tion are Ca21 dependent and precede exocytosis (Vitale Earlier molecular cloning experiments (Marcu et al.,
1994) have described two PIP2-binding sites in scinderin,et al.,1991). Moreover, exocytotic sites are preferentially
localized to cortical areas showing F-actin disassembly and additional experiments have demonstrated the abil-
ity of PIP2 liposomes to bind scinderin in a Ca21- and(Vitale et al., 1991). The distribution of gelsolin, on the
other hand, is not affected by either nicotine receptor pH-dependent manner (Rodrı´guez Del Castillo et al.,
1992). The two PIP2-binding sites of scinderin show thestimulation or K1-evoked depolarization (Vitale et al.,
1991). The above observations suggest that cell stimula- consensus sequence R(X)XXXKXRR, typical of PIP2
binding sites of phospholipase C (Marcu et al., 1994).tion and Ca21 entry bring about activation of scinderin
with a consequent disassembly of cortical actin filament Moreover, and most important, one of the PIP2-binding
sites of scinderin overlaps with its second actin-bindingnetworks. This suggestion is strengthenedby the experi-
ments with recombinant scinderin described here. The site (Marcu et al., 1994). This would explain, at least in
part, the inhibitory effect of PIP2 on scinderin F-actin-scinderin gene has been recently cloned (Marcu et al.,
1994), and nucleotide and amino acid sequence analysis severing activity (Maekawa and Sakai, 1990) and the
inhibition of the recombinant scinderin effects on re-indicates that scinderin has six domains (Figure 4A),
each containing three internal sequence motifs and, at lease presented here. The results also show that Sc-
PIP2BP, a scinderin-derived PIP2-binding peptide, wasleast, two actin and two PIP2-binding sites are present
in the protein (Marcu et al., 1994). able to block both the binding of PIP2 liposomes to
scinderin and the PIP2 inhibition of scinderin effects.In this paper, we describe the preparation of recombi-
nant scinderin and show that this protein potentiates These observations strongly suggest that the effects of
PIP2 on F-actin disassembly and Ca21-induced exo-Ca21-evoked exocytosis in digitonin-permeabilized
chromaffin cells. When tested at different Ca21 concen- cytosis are mediated through the interaction between
the intact phospholipid molecule and scinderin. More-trations, recombinant scinderin did not increase the af-
finity of the elements of the exocytotic machinery for over, because in the presence of 10 mM Ca21 scinderin
has greater affinity for actin than PIP2 (Rodrı´guez DelCa21, but it increased the maximal response to Ca21,
thus suggesting an increase in the number of secretory Castillo et al., 1992), it was necessary to preincubate
the permeabilized chromaffin cells with recombinantvesicles available for release. Concomitantly with the
potentiation of release, recombinant scinderin in- scinderin and PIP2 in a Ca21-free medium before stimula-
tion to observe the PIP2 inhibition upon a Ca21 challenge.creased the number of cells displaying F-actin cortical
disassembly (Figure 7), suggesting that the potentiation The PIP2 inhibitory effects are not due to the activation
of a specific PIP2 transduction pathway. On the contrary,of release by scinderin was due to the removal of the
F-actin barrier allowing at the same time the transloca- the fact that plasma membrane PIP2 binds scinderin
under resting (low Ca21 levels) conditions (Rodrı´guez Deltion of chromaffin vesicles to release sites. On the other
hand, recombinant truncated scinderin (scinderin254–715), Castillo et al., 1992) together with the inhibitory modula-
tory effect of the phospholipid on scinderin F-actin-sev-a fusion protein devoid of active actin-binding sites,
failed to either induce F-actin disassembly or potenti- ering activity (Maekawa and Sakai, 1990) would suggest
that activation of phospholipase C–PIP2 pathway mightate Ca21-evoked exocytosis. Recombinant scinderin-
induced disassembly of cortical F-actin is also indicated release scinderin from binding sites and remove its inhi-
bition by PIP2.by the inhibition of this scinderin effect in the presence of
peptides Sc-ABP1 and Sc-ABP2, two scinderin-derived In conclusion, the present results strongly indicate a
actin-binding peptides with sequences corresponding role for scinderin in the exocytotic machinery. The con-
to two active actin-binding sitesof scinderin. These pep- trol of the dynamics of cortical F-actin networks by
tides also block the potentiation by recombinant scind- scinderin in a Ca21-dependent manner will determine
erin of Ca21-evoked exocytosis (Figure 4B). The inhibi- the availability of secretory vesicles for release. The fact
tion of scinderin activity was more effective when both that scinderin is present only in tissues with high secre-
peptides were present, thus suggesting the importance tory activity will also suggest a general and key role for
of blocking both scinderin-binding sitesof actin simulta- scinderin in secretion.
neously. Moreover, when exogenous chicken gizzard
g-actin was present in the incubation medium, the po-
Experimental Procedurestentiation effect on release of recombinant scinderin
was also blocked. This was due to the fact that chicken Chromaffin Cell Culture
gizzard g-actin competed with endogenous chromaffin Bovine adrenal glands were obtained from a local slaughterhouse,
cell actin for recombinant scinderin. Sc-ABP1, Sc-ABP2, and chromaffin cells were isolated by collagenase digestion and
further purified using a Percoll gradient (Trifaro´ and Lee, 1980). Cellsand chicken gizzard g-actin also inhibit Ca21-evoked
Neuron
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were plated according to the specific study to be performed and and the results recorded were the codes revealed to identify the
experimental conditions used (single-blind design).grown at 378C in a humidified incubator under CO2-air atmosphere
for 48–72 hr.
Video-Enhanced Image Processing
Chromaffin Cell Permeabilization and Catecholamine Release Quantitative analysis of cortical rhodamine fluorescence (F-actin)
Chromaffin cells plated on collagen-coated plastic 24 multiwell was performed by using a Hamamatsu Photonic KK Argus-50/CL
dishes at a density of 5 3 105 cells per well were cultured for 48–72 Image Processor (Hamamatsu Photonic Systems, Bridgewater, NJ)
hr. Experiments were started by rinsing the wells three times with as described elsewhere (Vitale et al., 1995).
0.5 ml of amino acid–free DMEM containing 10% fetal calf serum
(Kenigsbergand Trifaro´, 1980). Chromaffin cells were thenincubated Preparation of Recombinant Scinderins
in the same medium containing this time 1027 M [3H]NA (specific The TRX Thio-Fusion System (Invitrogen, San Diego, CA) was used
activity 43.7 Ci/mmol) at room temperature for 5 min. After this for the expression and purification of the fusion proteins. Scinderin
labeling step, cells were incubated with six changes of 0.5 ml of cDNA was subcloned in expression vector pTrxFus using SmaI re-
regular Locke’s solution (154 mM NaCl, 2.6 mM KCl, 1.25 mM striction site (blunt ends) of the vector and SmaI and NotI (Klenow
K2HPO4, 0.5 mM KH2PO4, 1.2 mM MgCl2, 2.2 mM CaCl2, 10 mM filled in) of scinderin cDNA previously cloned in pGEX 4T2 (Phar-
glucose, at pH 7.2) over a 60 min period. Finally, cells were washed macia, Uppsala, Sweden). Recombinant plasmids were then
once with Ca21-free Locke’s solution and permeabilized by treat- transfected into the host E. coli GI698. Transformed E. coli were
ment for 5 min with 20 mM digitonin in K1-glutamate buffer (129 mM grown overnight at 298C in 100 ml of Rich Medium (Invitrogen, San
K1-glutamate, 5 mM EGTA, 3 mM MgCl2, 2 mM ATP, 20 mM PIPES, Diego, CA) containing 100 mg of ampicillin/ml. The culture was di-
at pH 6.6). Following permeabilization, media were removed and luted ten times with induction medium and grown for 4 hr before
catecholamine secretion was determined by incubating the cells induction with tryptophan (100 mg/ml; final concentration). After a
with 250 ml of K1-glutamate buffer for 2 min in the absence (basal) 2 hr incubation at 298C, the OD550 was measured and cells were
or in the presence of Ca21 (stimulated). Incubation media were col- sedimented. Using osmotic shock solution 1 (20 mM Tris–HCl [pH
lected and assayed for [3H]NA. The cell content of [3H]NA was deter- 8], 2.5 mM EDTA, 20% sucrose), the cells were resuspended to an
mined by treating the cells with 250 ml of 10% trichloroacetic acid OD550 of 5, incubated for 10 min on ice, and centrifuged at 10,000
(TCA) for 10 min followed by two washes with 250 ml of 6% TCA;
3 g for 10 min. The supernatant was decanted, andthe cell sediment
the three aliquots were combined. Total [3H]NA cell content was was resuspended in osmotic shock solution 2 (20 mM Tris–HCl [pH
calculated by adding the [3H]NA secreted during the releasing step 8], 2.5 mM EDTA), incubated on ice for 10 min, and centrifuged at
plus the [3H]NA extracted with TCA. Basal values (0.5%–0.8%) were 10,000 3 g for 10 min. The supernatant (“shock fluid”) was dialyzed
subtracted from the data obtained after stimulation. Radioactivity against buffer A (20 mM Tris–HCl [pH 7.5], 1 mM dithiothreitol [DDT],
in the samples was measured using a liquidscintillation spectropho- 1 mM Ca21, 1 mM phenylmethylsulfonyl fluoride [PMSF], 1 mM
tometer (Model LS-7800, Beckman Instruments, Fullerton, CA). Pre- NaATP) and then applied to an actin–DNAse I–Sepharose 4B affinity
vious published experiments have demonstrated a simultaneous column. The binding of scinderin to actin allowed the retention of
and parallel release of both endogenous catecholamines and [3H]NA the fusion protein complex TRX–scinderin in the affinity column.
from cells previously loaded with [3H]NA and subsequently perme- The actin–DNAse I–Sepharose 4B affinity column was prepared as
abilized with digitonin (Vitale et al., 1992). Thus, the use of [3H]NA- described previously (Marcu et al., 1994). The column was washed
labeled cells increases the sensitivity of the catecholamine assay with buffer A before the application of the dialyzed shock fluid. The
and allows the use of fewer cells per experiment. Therefore, only recombinant protein was eluted from the column with buffer B (Ca21-
[3H]NA output was monitored in the experiments described here. free buffer A containing 10 mM EGTA). The preparation was dialyzed
against distilled water then lyophilized. Purified TRX was prepared
Fluorescence Microscopy using expression vector pTrx (Invitrogen). This plasmid encoding
Chromaffin cells were plated on collagen-coated coverslips con- wild-type TRX was transfected into E. coli GI698. Transformed E. coli
tained within plastic petri dishes as a density of 3 3 105 cells per GI168 was processed to obtain “shock fluid” as described above.
35 mm dish. Cultured cells were rinsed with Locke’s solution and Truncated scinderin (Tr-Sc), consisting of the last four domains (S3,
then they were permeabilized by treatment with 20 mM digitonin in S4, S5, and S6) starting at amino acid 254 (valine), was obtained by
K1-glutamate buffer for 5 min at room temperature. Cells were then PCR. Vent R DNA polymerase (New England Biolabs, Beverly, MA),
incubated for 2 min with K1-glutamate buffer in the absence (control) Ultrapure dNTPset (Pharmacia), and two specifically designed prim-
or presence (stimulated) of Ca21 and different compounds as de- ers carrying exogenous sequences of restriction enzymes BamHI
scribed in the figure legends. Following these incubations, chromaf- (for 59 end of Tr-Sc) and SalI (for 39 end of Tr-Sc) were used to
fin cells were fixed in 3.7% formaldehyde and processed for fluores- amplify the desired sequence of scinderin, which was further purified
cence microscopy as described previously (Lee and Trifaro´, 1981). and cloned in the same vector, pTrxFus. Transformed E. coli GI698
Cells were permeabilized with acetone, washed with phosphate- were grown and harvested as described for full-length scinderin.
buffered saline (PBS) (130 mM NaCl, 100 mM Na-phosphate, at pH The protein was purified by osmotic shock, dialyzed, and lyophilized
7.0), and incubated for 60 min at room temperature with a blocking as indicated above.
solution consisting of 1% bovine serum albumin in PBS. Chromaffin
cells were stained for F-actin with rhodamine–phalloidin (0.25 U/ml;
Preparation of Scinderin-Derived Peptides
Molecular Probes, Eugene, OR) for 40 min in the dark at room tem-
Peptides with sequence corresponding to actin-binding (Sc-ABP1perature. Finally, coverslips were rinsed with PBS and mounted
and Sc-ABP2) and PIP2-binding (Sc-PIP2BP) sites of scinderin werein glycerol–PBS (1:1). Slides were observed with a Leitz Ortholux prepared by solid-phased peptide synthesis (Merryfield, 1963), the
fluorescence microscope equipped with a 100 Whigh pressure lamp sequence checked by Edman chemistry in a gas-liquid solid phase
and a Ploemopack II incident light illuminator (Vitale et al., 1991). peptide sequenator (Henvick et al., 1981), and their purity deter-
Photographs were taken with Kodak-Tri-X pan films (400 ASA). To mined by mass spectroscopy (Edmonds and Smith, 1990).
study the effect of several treatments on the percentage of cells
showing cortical F-actin disassembly, 100 single-rounded chromaf-
Source of Antibodiesfin cells per coverslip (usually eight coverslips per experimental
Polyclonal antibodies were raised in rabbits against purified bovinecondition) were examined. Each cell was classified as having either
scinderin (Rodrı´guez Del Castillo et al., 1990).a “continuous” or “discontinuous” cortical rhodamine (F-actin) fluo-
rescent ring. The percentage of chromaffin cells showing cortical
F-actin disassembly (discontinous rhodamine fluorescent ring) was Electrophoresis
All protein samples were analyzed by SDS–PAGE and immunoblot-calculated for each experimental condition. To avoid personal bias,
code numbers were given to each coverslip. The cells were exam- ting using an antibody against native scinderin (Rodrı´guez Del Cas-
tillo et al., 1990). Monodimensional SDS–PAGE was performed ac-ined and classified without knowing whether they were from control
or treated preparations. Only after all coverslips were examined cording to Doucet and Trifaro´ (1988).
Recombinant Scinderin Increases Exocytosis
295
PIP2-Recombinant Scinderin Binding Studies Maekawa, S., and Sakai, S. (1990). Inhibition of actin regulatory
activity of the 74 kDa protein from bovine adrenal medulla (Adsev-PIP2 (sodium salt, Sigma) was dissolved in Tris–HCl buffer (20 mM
Tris–HCl, 100 mM NaCl, 2 mM MgCl2, 1 mM DDT, 1 mM PMSF, 5 erin) by some phospholipid. J. Biol. Chem. 265, 10940–10942.
mM EGTA, at pH 6.6) at the concentration of 1 mg/ml. PIP2 suspen- Marcu, M.G., Rodrı´guez Del Castillo, A., Vitale, M.L., and Trifaro´,
sions were mixed by shaking in a vortex for 15 min and further J.-M. (1994). Molecular cloning and functional expression of chro-
sonicated for 20 min (Mettler Electronic Corporation, Anaheim, CA). maffin cell scinderin indicates that it belongs to the family of Ca21-
Liposomes thus obtained (200 ml) were incubated with 10 ml protein dependent F-actin severing proteins. Mol. Cell. Biochem. 141,
samples (0.1 mM recombinant scinderin) with or without 10 mM Sc- 153–165.
PIP2BP in a final volume of 220 ml. The concentration of free Ca21 Merryfield, R.B. (1963). Solid phase peptide synthesis. I. The synthe-
(10 mM) was adjusted according to Caldwell (1970). The mixtures sis of a tetra peptide. J. Am. Chem. Soc. 85, 2149–2154.
were incubated at 378C for 30 min, then centrifuged at 78,000 3
Neher, E., and Zucker, R.S. (1993). Multiple calcium-dependent pro-g for 30 min, and supernatants and sediments were separated.
cesses related to secretion in bovine chromaffin cells. Neuron 10,Sediments were dissolved in 200 ml of 50 mM Tris–HCl (pH 8.5), 2%
21–30.SDS, and 1 mM EDTA. The presence of recombinant scinderin in
Perrin, D., and Aunis, D. (1985). Reorganization of a-fodrin inducedsupernatants and sediments was analyzed by SDS–PAGE followed
by stimulation of secretory cells. Nature 315, 589–592.by Western blots using a scinderin antibody.
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